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ABSTRACT 
 The capacity for human-wildlife conflict is increasing as anthropogenic development 
continues to expand across the planet. Many species of wildlife experience adverse 
anthropogenic effects on their behavior, life history, and ecology. Behavioral changes often 
manifest as shifts in antipredator behavior, indicating that human presence is salient to the risk 
perception of wildlife. We used ungulates as a model system to study how human activity affects 
vigilance behavior—one of the most commonly studied antipredator behaviors. A vigilant 
individual scans its surroundings with the intent of obtaining information about its environment. 
We conducted a systematic review of studies in which ungulate vigilance was measured in the 
context of anthropogenic effects. In the majority of sources, human activity was associated with 
increased vigilance in ungulates. Notably, human-wildlife conflict is the result of behavioral 
patterns of both humans and wildlife, and the resulting consequences affect both. Thus, studying 
human behavior is also key to mitigating potential conflict. To explore the role of human 
behavior more explicitly, we developed a survey instrument to pinpoint how visitors to Glacier 
National Park perceived their interactions with wildlife in the park and the degree to which they 
saw their presence affecting the resident species. The average visitor was aware that their 
activities can affect wildlife; however, agreement with this statement was affected by 
demographic factors and general views on wildlife welfare. Our systematic review showed that 
human activity has largely adverse effects on ungulate taxa across the globe. Our survey served 
as a complementary case study focusing on this conflict within the context of Glacier National 
Park, wherein visitors differentially recognized their impacts on wildlife. Mitigating human-
wildlife conflict will continue to require both studies of wildlife behavioral ecology and research 
on the human dimensions of conservation and management.
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CHAPTER 1.    GENERAL INTRODUCTION 
 Rapid and expansive human development is having unprecedented effects on the planet’s 
fauna. The extent of these almost ubiquitous anthropogenic effects has led many to refer to our 
current age as the Anthropocene (Dirzo et al. 2014). This human-wildlife conflict can be 
understood through the lens of risk perception. Ecologists have been researching risk perception 
in wildlife for decades (Lima and Dill 1990). This has traditionally been studied in the context of 
predation risk, though there is increasing evidence that human activity can have significant 
effects on how wildlife perceive risks in their environment (Frid and Dill 2002). In fact, 
anthropogenic pressure can induce phenotypic changes more rapidly than natural forces (Hendry 
et al. 2008, Ciuti et al. 2012). 
 Similarly, social scientists are interested in how humans perceive risk both in their own 
lives and in the world at large. Human risk perception is influenced by multiple factors, 
including demography, social pressure, a priori knowledge, and beliefs (Griffin et al. 1999). A 
risk perception framework has been used to study risks ranging from infectious disease (Smith 
2006) to the fear of terrorism (Jenkin 2006). In recent years, threats to the environment have 
become a focus of greater study. Perception of these “ecological risks” (referring to processes 
and events that threaten species and ecosystems) are dependent upon many of the same intrinsic 
and extrinsic factors that affect perceptions of other risks (McDaniels et al. 1995). High risk 
perception in ecological contexts may be associated with fears for the planet’s wellbeing, e.g., 
defaunation, or with fears for one’s own wellbeing, e.g., air pollution. Certainly, characteristics 
intrinsic to the individual affect risk perception, but characteristics of the risk itself are also 
salient (Slovic 1999). Thus, studies of ecological risk perception are benefitted by ecological 
fieldwork documenting the characteristic effects of any given risk in a specified context. There 
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exists a great complementarity between ecological and social science work when studying 
human-wildlife conflict. 
 In this study, I analyzed a collection of data on anthropogenic effects on wildlife and then 
used a survey instrument to focus on human perceptions of human-wildlife conflict in a national 
park, a setting in which the potential for such conflict is often underestimated. Firstly, I 
conducted a systematic review of sources studying anthropogenic effects on ungulate vigilance, a 
behavior well-documented to be correlated with risk perception (Mooring et al. 2004, Laundre et 
al. 2010). Ungulates are a prime model system for understanding anthropogenic effects because 
they are prey species highly-attuned to changes in risk across the landscape (Hunter and Skinner 
1998) and are heavily impacted by a variety of human activities (Stankowich 2008). This review 
revealed patterns of anthropogenic effects on ungulate risk perception at a broad scale. 
 Additionally, I conducted a survey of visitors in Glacier National Park regarding their 
perceptions of their interactions with wildlife in the park. Protected areas tend to be viewed as 
less impacted by human development (Sarmento and Berger 2017), and recreationists tend to see 
their presence as benign to wildlife (Flather and Cordell 1995, Taylor and Knight 2003). There 
is, however, considerable evidence that non-consumptive human recreation can significantly 
affect wildlife (Bateman and Fleming 2017). My survey was designed to measure how visitors 
perceived their effects on wildlife and how this related to their broader views on welfare. 
Ultimately, my survey highlighted the degree to which visitors recognize the capacity for human-
wildlife conflict in the park. Furthermore, Glacier National Park is home to seven ungulate 
species, at least one of which, the bighorn sheep, is particularly susceptible to human influence 
(Brewer et al. 2014). I wrote specific survey questions about bighorn sheep to allow for more 
specific comparisons with the patterns found in my review of ungulate vigilance. 
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 Ultimately, risk perception of both wildlife and humans is salient to understanding the 
capacity for conflict in shared environments. Protected areas specifically attract visitors with the 
promise of wildlife viewing and serve as prime settings for both ecological and social science 
research on human-wildlife conflict. Anthropogenic pressures on wildlife are continuing to 
expand, with the long-term consequences largely still unknown. Research on human-wildlife 
conflict in the Anthropocene, and development of appropriate solutions for mitigation, is 
benefitted by studying both human behavior and wildlife ecology. 
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CHAPTER 2.    A REVIEW OF ANTHROPOGENIC EFFECTS ON UNGULATE 
VIGILANCE 
Benjamin J. Johnson1, Robert Klaver2, Jennifer Schieltz1, Cassandra Nuñez1,3 
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2. U.S. Geological Survey, Iowa Cooperative Fish and Wildlife Research Unit, Ames, Iowa 
3. University of Memphis, Department of Biological Sciences, Memphis, Tennessee 
 
Modified from a manuscript to be submitted to Environmental Research Letters 
 
Abstract 
 A variety of taxa are experiencing behavioral changes in the Anthropocene across both 
ecological and evolutionary time. Antipredator behaviors, such as vigilance, are particularly 
salient as they present a measure of the risk that wildlife associate with humans. We conducted a 
systematic literature review, using ungulate taxa as a model to understand how human activity is 
affecting vigilance behavior. We only considered sources that empirically measured ungulate 
vigilance in relation to anthropogenic stimuli. We followed five main lines of inquiry: (1) 
consistency of vigilance definitions, (2) choices of sampling methodology, (3) overall effects of 
humans on ungulate vigilance, (4) how different disturbance types affect vigilance, and (5) the 
extent to which intraspecific variation in vigilance has been studied. Our results highlighted a 
broad consistency in definitions and the importance of sampling method selection. The majority 
of sources found that human activity was associated with increased vigilance in ungulates, 
though patterns varied by disturbance type. Additionally, we found that intraspecific variation 
(due to sex, age, or group size) in vigilance responses to human activity was understudied. These 
results will inform future studies on anthropogenic effects, behavioral ecology, risk perception, 
and ungulate biology. We suggest a more concerted focus on the myriad ways in which humans 
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change risk perception across the landscape and the variability of behavioral responses both 
between and within species. 
Introduction 
 Consequences to the ecology and evolution of wildlife are still being uncovered as 
humans rapidly develop the Earth. With more than 75% of the terrestrial surface of the Earth 
affected by humans (Loock et al. 2018), anthropogenic effects often induce phenotypic change 
more rapidly than natural forces (Hendry et al. 2008). Human development has altered the spatial 
and temporal habitat usage of a variety of taxa, affecting broad behavioral patterns in both 
evolutionary and ecological time (Frid and Dill 2002).  
There are a multitude of hypotheses as to how species (and individual animals) will 
respond to increased human development. The risk disturbance hypothesis (Frid and Dill 2002) 
states that prey species encountering human disturbance will exhibit responses paralleling those 
for natural predators, implying that humans are perceived as a high source of risk. Even though 
many human activities are novel stimuli, it is evolutionarily advantageous for animals to 
overestimate (rather than underestimate) the level of risk (Frid and Dill 2002, Gaynor et al. 
2018). Thus, species may be responding to even non-consumptive human activities with 
significant shifts in behavior, often avoiding human activity by reducing spatial (Samia et al. 
2015) or temporal (Ditchkoff et al. 2006, Gaynor et al. 2018) overlap. 
Conversely, the human shield hypothesis predicts that, in certain situations, prey species 
will increase spatiotemporal overlap with human activity to reduce predation risk (Berger 2007, 
Sarmento and Berger 2017). Even if humans are regarded as sources of risk themselves, this is 
outweighed by the fear of predation. Shifts in behavior are occurring in ecological time in 
response to anthropogenic change, leading some species to exploit new opportunities and others 
to experience adverse behavioral consequences. 
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Shifting behavior often reflects changes in risk perception, and antipredator behavior has 
often been studied as a measure of wildlife risk perception (Stankowich and Blumstein 2005, 
Stankowich 2008). Increasingly, these studies have focused on changes in risk perception 
associated with anthropogenic activities (Frid and Dill 2002, Bateman and Fleming 2017). A 
commonly measured example of antipredator behavior is vigilance. A vigilant individual scans 
its surroundings with the intent of obtaining information about its environment (Beauchamp 
2015). Though vigilance can also function as a means to monitor conspecifics or to search for 
food resources, it is most commonly studied as an antipredator behavior (Frid 1997, Hunter and 
Skinner 1998). The more fearful an animal is, the more vigilant it will generally be (Laundre et 
al. 2010), and the proportion of time an animal spends vigilant is a measure of overall predation 
risk (Mooring et al. 2004). Vigilance has been studied as a reliable measure of wildlife risk 
perception (Mooring et al. 2004) and has thus been used to approximate wildlife response to 
human activity (Frid and Dill 2002).   
Vigilance is also a prime measure of how risk perception can change depending on 
various environmental factors. Predation risks that are constant over evolutionary time will 
fluctuate over ecological time, even minute-to-minute in some habitats (Lima and Dill 1990). 
Vigilance is an indicator of that real-time risk perception, dependent upon various environmental 
factors, and these risks can be chronic or acute. In fact, behaviorists differentiate between routine 
vigilance which, often combined with head-up mastication, is done to assess one’s surroundings 
and induced vigilance which is performed in response to a specific stimuli or set of stimuli 
(Blanchard and Fritz 2007, McDougall and Ruckstuhl 2018). Vigilance likely remains relevant 
even in populations isolated from natural predators due to strong evolutionary pressure to 
respond to environmental stimuli, including potential novel predators (Blumstein 2006). 
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Antipredator behavior is adaptive in all taxa subject to predation risk, but some species 
are especially strong models for studying vigilance in the field. Ungulates 
(Orders Artiodactyla and Perissodactyla) are typically prey to a variety of predators and have 
evolved under intense pressure for well-adapted antipredator behavior (Hunter and Skinner 
1998). Ungulate systems are prime models for studying anthropogenic effects on vigilance 
because ungulates (1) are prey species highly attuned to changes in risk perception across the 
landscape (Stankowich 2008), (2) are heavily affected by a variety of human activities 
(Stankowich 2008), (3) comprise hundreds of species representing a wealth of possible 
comparative studies, and (4) feature many species that have been extensively studied, providing 
strong baseline knowledge of vigilance behavior (Hunter and Skinner 1998). 
Variability in how different individuals from the same species may respond to similar 
disturbances is vital to understanding how animals perceive risk (Stankowich 2008). Of all 
potential sources of variation, the effect of group size has been the most well-documented in the 
behavior literature (Beauchamp 2015). The group size effect describes a pattern in which, as 
group size increases, individual vigilance rates decrease (Beauchamp 2003). This is commonly 
explained by two key processes: there are more individuals collectively scanning for predators 
(detection effect) and there is a lower statistical chance of any one individual being predated 
upon (dilution effect) (Rieucau and Martin 2008, Favreau et al. 2009). Though these group size 
effects are commonly found in nature, they are not ubiquitous and have come under scrutiny, 
with some maintaining that the effects result more from certain environmental variables than 
group size (Beauchamp 2003). 
Apart from group size, many other factors can drive variation in antipredator behavior. 
Age, sex, reproductive status, and group composition were all factors found to be important in a 
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meta-analysis of anthropogenic effects on ungulate flight behavior (Stankowich 2008). No such 
review has been conducted on ungulate vigilance behavior. For this systematic review, we focus 
on five primary lines of inquiry: 
(1) How was vigilance defined and studied? 
The first published work on predation detection in ungulates discussed behavioral 
markers such as upturned heads and pricked ears without ever mentioning the term 
vigilance (Galton 1871). Later, vigilance was defined as the probability of detecting 
stimuli (Dimond and Lazarus 1974). The inconsistent interpretation and usage of 
these behavior-based and intent-based definitions resulted in inconsistencies in 
defining vigilance in the literature (Allan and Hill 2018). In this review, we examine 
differences in definitions and behavioral markers to elucidate consistency (or lack 
thereof) in how vigilance was defined in ungulates. 
(2) How did sampling methods affect results? 
Choice of sampling method can greatly affect the behavioral markers studied (Allan 
and Hill 2018), and, in turn, the resulting proposed effects of human activity on 
ungulate vigilance. We note how certain methodological choices may influence 
results. 
(3) How did human activity affect ungulate vigilance? 
We highlight which factors lead to increased, decreased, or lack of corresponding 
vigilance responses to human activity.  
(4) How did ungulate vigilance vary by disturbance type? 
Animals respond differentially to different stimuli, and a multitude of stimuli fall 
within the broad category of human activity. 
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(5) What sources of intraspecific variation affected the vigilance response to human 
activity?   
We report differences in vigilance response associated with three key factors: sex, 
age, and group size. 
The goal of this study is to identify factors that drive ungulate risk perception in human-
impacted landscapes and reveal how methodological choices influence research results. Our 
review will be helpful to researchers interested in anthropogenic effects, behavioral ecology, and 
ungulate biology. We provide recommendations about definitions and methodological choices 
that can help future researchers construct specific hypotheses regarding the nature of vigilance in 
the Anthropocene. Our study also offers increased understanding of how different disturbance 
types affect ungulates, and how ungulate taxa are not affected homogenously.  
Methods 
Search Protocol 
 We conducted a literature review focusing on anthropogenic effects on ungulate 
vigilance. Our search query was:         
vigilance AND (ungulate OR perissodactyla OR artiodactyla) AND (human OR 
anthropogenic OR disturbance OR tourism OR tourist) 
We searched Web of Science’s Zoological Record in March 2019, yielding 86 results, 
and Google Scholar in April 2019, yielding 7,890 results. 
Filtering Relevant Sources 
 We filtered through all 86 results from Zoological Record and the first 1,000 results from 
Google Scholar. Note that we only selected English-language sources. We identified a source as 
relevant if it met all three of the following criteria: 
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(1) The term “vigilance” or “vigilant” was mentioned in the Methods section with a 
description of a protocol for quantitative measurement 
(2) Human activity (of any sort) was mentioned in the Methods section as either a factor 
to be measured or as a factor influencing study site selection 
(3) The study focused on one or more wild populations of ungulate species 
Sources focusing on alert distance (AD) frequently appeared in our search. We excluded 
these sources because (1) AD is a measure of distance and not behavior, making it difficult to 
compare to vigilance; (2) our search query was not targeted towards AD and thus likely 
represented only a fraction of total sources studying AD; and (3) there already exists a systematic 
review on flight initiation distance (FID) in ungulates (Stankowich 2008) which is closely related 
to AD. 
            From the sources obtained from the two online data bases, we used the literature cited to 
identify other relevant sources not found in the initial search. For instances in which we found 
both the graduate thesis and the published article for the same study, we used the article in lieu of 
the thesis.  
Data Extraction 
 We extracted the following information (Table 1): year of publication, species studied, 
geographic location, definition of vigilance provided, human disturbance type studied, sampling 
method, and the overall effect of human disturbance. Overall effect was determined by assessing 
each source’s empirical results regarding the effects of human activity on vigilance. We also 
noted when significant effects of sex, age, or group size were reported as affecting vigilance in 
relation to human disturbance.  
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Results 
 In total, we identified 68 sources meeting our relevance criteria (Supplement 1). They 
ranged in years published from 1992 to 2018. 
Species 
 Thirty-four ungulate species were studied. Three species accounted for a full 32% of 
sources: red deer/elk (C. elpahus and C. canadensis) (N = 15) and impala (A. melampus) (N = 7). 
Caro (1999) studied “all species of mammal larger than a rat” (p. 3), yielding data on 
over 15 species. There was considerable uncertainty as to which species were studied as several 
of the study subjects were not identified to species level using binomial nomenclature. We did 
not include the species from Caro (1999) in our final count of the 34 species studied. 
Geographic Location 
 The studies took place in 21 different countries (Figure 1). Studies in North America 
(USA and Canada) represented 38% of all sources (N = 26). European countries had the next 
highest number of studies (N = 18), followed by Africa (N = 12), Asia (N = 9), South America 
(N = 2), and lastly Oceania (N = 1).  
Definition 
 Of the 68 sources evaluated, 92% provided a specific definition for “vigilance” (N = 62); 
and the remaining 8% of studies (N = 6) did not. We divided definitions into 3 broad categories 
(based in part upon definitions from Beauchamp 2015): behavioral pattern definitions, internal 
state definitions, and definitions combining both behavioral patterns and internal state.  
 A behavioral pattern definition describes behavioral markers associated with the behavior 
of interest (Beauchamp 2015). For example, Gingold et al. (2009) defined vigilance as “raising 
the head and looking around with the ears erect” (p. 157). Of the 62 sources providing a 
definition, 27% (N = 17) used a behavioral pattern definition. 
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 An internal state definition describes the motives and/or intentionality of an animal at a 
given time (Beachamp 2015). For example, Brown et al. (2012) defined vigilance as “displaying 
alarm or acute attention toward stimuli” (p. 3). Of the 62 sources providing a definition, 11% (N 
= 7) used an internal state definition. 
 Of the 62 sources providing a definition, 60% (N = 37) featured a definition that 
incorporated both behavioral patterns and internal states. For example, Setsaas et al. (2018) 
defined vigilance as when an animal “lifted its head away from the ground and paid attention to 
its surroundings” (p. 565). This definition specifies a specific behavioral marker (a head lift) that 
is associated with a specific internal state (paying attention).  
Of the 54 behavioral pattern and combined definitions, 68% (N = 37) were different 
iterations of “head raised above the shoulders”, 6% (N = 3) mentioned the ears being pointed or 
held erect, and 24% (N = 13) mentioned both head and ear movement. Only one behavioral 
pattern definition (“Face to target, neck unbend and pop-eyed, look at the target”) did not 
explicitly mention either the head or the ears (Wang et al. 2017 p. 3).  
 One exception, Lynch et al. (2015),  analyzed behaviors based on auditory monitors. 
These researchers analyzed pauses in mastication bouts on a spectrogram to define the sounds (or 
lack thereof) of deer vigilance. Their definition of vigilance pertained to sound quality and could 
not be described using either behavioral markers or internal state.  
Disturbance Type 
 Recreational activity was the most studied type of human activity (N = 21), followed by 
hunting pressure (N = 17), cars and roadways (N = 16), general human development (N = 8), 
aircraft (N = 4), livestock (N = 4), dogs (N = 3), general or non-specified human presence (N 
=3), and audio playback (N = 2) (Table 2). Note that the sources sum to more than 68 because 
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some sources studied multiple activity types. Only seven sources did not fall into one of these 
categories (Table 2).  
Sampling Methods 
 A variety of behavioral sampling methods were used in the reviewed sources. Sampling 
methods can be grouped into five main categories: focal sampling (N = 42), scan sampling (N = 
20), camera traps (N = 7), categorical response to disturbance (N = 7), and audio-equipped 
collars (N = 1). Note that the sources sum to more than 68 because some sources utilized 
multiple sampling methods. Categorical response sampling measures vigilance as a response to a 
specific stimulus, e.g., the researcher approaching an individual animal; the response is coded as 
a discrete category, for example, “raises head in vigilance” or “continues grazing.” 
Overall Effect of Human Activity 
 We categorized sources by three effect types: a positive correlation between level of 
human activity and vigilance, a negative correlation, and no correlation. Of the 68 sources 
evaluated, 60% (N = 41) reported a positive correlation, 16% (N = 11) reported a negative 
correlation, and 9% (N = 6) reported no correlation.  
Of the 68 sources, ten sources reported results that did not easily fit into any of the three 
categories described above. Of these, four sources found differences in the directionality of the 
vigilance response between males and females (Matson et al. 2005, Brown et al. 2010, Benoist et 
al. 2013, Zheng et al. 2013). Two sources found differences in the directionality of the vigilance 
response between adults and juveniles (Loehr et al. 2005, Weber 2015). Blackwell et al. (2012) 
reported differences in the vigilance response of white-tailed deer between two slightly different 
experimental setups, with deer exhibiting increased vigilance when visual barriers were placed 
closer to a food resource; barriers placed further away yielded no response. Female caribou with 
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calves (but not lone females) showed decreased vigilance around hikers on trail (Lesmerises et 
al. 2017). Increased human activity led to higher levels of red deer vigilance only during the 
tourist season (O’Neill 2016). Caro (1999) reported that, out of the plethora of species studied, 
only warthog and waterbuck showed differing vigilance between a disturbed and undisturbed 
site. 
 We organized effect type by study species (grouped by taxonomic family) (Figure 2), 
sampling method (Figure 3), and disturbance type (Figure 4). Studies on bovids showed a higher 
percentage of results indicating vigilance increased with disturbance than did studies on cervids 
(Figure 2). Categorical response sampling yielded the highest percentage of results showing 
increased vigilance, and camera trap sampling showed the most varied results (Figure 3). 
Aircraft yielded the highest percentage of results showing increased vigilance, and recreational 
activity showed the most varied results (Figure 4).  
Sex Differences 
 Sixty-two percent of sources (N = 42) included sex in their study, whether it was a 
comparison of baseline vigilance rates or a comparison of differential vigilance responses to 
human activity. Sources highlighting this latter category were few in number. Only six sources 
reported that male and female vigilance behaviors differed in relation to some aspect of human 
activity.  
 Female (but not male) impala showed increased vigilance at sites with higher hunting 
pressures (Matson et al. 2005). Female Mediterranean mouflon were less vigilant in a wildlife 
reserve than in an unprotected area across all seasons, but this pattern was only exhibited in 
males during the non-hunting season (Benoist et al. 2013). 
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 Three sources found that males (but not females) showed increased vigilance around 
human activity in elk (St. Clair and Forrest 2009), bighorn sheep (Brown et al. 2010), and Pere 
David’s deer (Zheng et al. 2013). Male giraffe showed higher increases in vigilance than females 
at a high disturbance site but vigilance was comparable between the sexes at a low disturbance 
site (Marealle et al. 2010).  
Age Differences 
 Twenty-eight percent of sources (N = 19) included age in their study, whether it was a 
comparison of baseline vigilance rates or a comparison of differential vigilance responses to 
human activity. Only two sources reported how vigilance behavior of various age groups differ 
in relation to some aspect of human activity.  
Loehr et al. (2005) found that adult Dall’s sheep increased vigilance behavior around 
human disturbance but that juveniles did not. Weber (2015) found that, in Alpine ibex and 
Alpine chamois, young (but not adults) exhibited higher levels of vigilance closer to human 
hiking trails. 
Group Size Differences 
 Seventy-two percent of sources (N = 49) included group size in their study, whether it 
was a comparison of baseline vigilance rates or a comparison of differential vigilance responses 
to human activity. Five sources reported differences in how vigilance behavior differed by group 
size in relation to some aspect of human activity.  
 In caribou, an increase in group size predicted an increase in the probability that an 
individual would exhibit vigilance in response to human approach (Reimers et al. 2011). Group 
size had a larger effect on vigilance in a culled population than in a non-culled population of 
fallow deer (Pecorella et al. 2016). Three sources specifically found that the negative correlation 
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between group size and individual vigilance degraded as human disturbance increased in 
mountain gazelle (Manor and Saltz 2003), khulan (Wang et al. 2016), and Nubian ibex (Saltz et 
al. 2018). 
Discussion 
 Our review found evidence of high reliability and consistency of vigilance definitions 
across ungulate studies. Vigilance is an internal state marked by outwardly visible behavioral 
markers, and the ability to reliably recognize and record those markers is key if researchers are to 
accurately measure animal vigilance (Beauchamp 2015). Regarding anthropogenic effects on 
ungulate vigilance, we found that (1) sampling method likely has significant effects on 
subsequent results, (2) the myriad types of human activity have varied effects on ungulate 
vigilance, and (3) risk perception is not uniform across age-sex classes. Most of the patterns 
uncovered herein bolster the idea that vigilance behavior can be quite varied and context-
dependent, and thus need to be studied with this framework in mind. We recommend that 
researchers embarking on studies of ungulate vigilance specifically define how vigilance was 
measured, carefully choose their sampling method, appropriately distinguish between distinct 
types of human activities, and account for the possibility of considerable intraspecific variation.  
 Using the data extracted from 68 sources, we addressed five main research questions: (1) 
How was vigilance defined and studied?, (2) How did sampling methods affect results?, (3) How 
did human activity affect ungulate vigilance?, (4) How did ungulate vigilance vary by 
disturbance type?, and (5) What sources of intraspecific variation affected the vigilance response 
to human activity?   
1. How was vigilance defined and studied? 
 Most sources defined vigilance using similar descriptions of head and/or ear movements. 
These behaviors are apt for increasing visual and auditory abilities to monitor stimuli 
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(Beauchamp 2015). Olfactory vigilance is also important in some ungulate species (Kuijper et al. 
2014) and studies have shown that ungulates perceive and respond to scents of predators (van der 
Meer et al. 2015, Wikenros et al. 2015). Defining specific behavioral markers of olfactory 
vigilance will be key for researchers interested in broadening vigilance studies beyond visual and 
auditory perception. None of the sources in our review measured olfactory vigilance.  
 We note that, for visual vigilance, head-up and pointed-ear markers may not be 
appropriate for every species. One must consider instances in which head-up and pointed-ear 
behaviors are performed for means other than vigilance. Giraffes, for example, spend much time 
with their heads above their necks, not to scan their environments, but to forage. Notably, the 
sole paper in this review studying giraffes used prolonged gazes and head turns (not head-above-
neck behavior) to mark vigilance (Marealle et al. 2010).  
 Several sources included the cessation of other behaviors (usually feeding) as a 
behavioral marker of vigilance (Papouchis et al. 2001, Borkowski et al. 2006, Tracey and 
Fleming 2007, Brown et al. 2010, Reimers et al. 2011, Reimers et al. 2012, Podgórski et al. 
2016, Hariohay et al. 2018). Two sources posited that animals cannot be chewing/masticating to 
be considered vigilant (Cleveland 2010, O’Neill 2016). These definitions were likely selected 
because they helped reduce overlap between different behaviors. There is evidence, however, 
that this overlap may be purposeful multi-tasking for animals trying to minimize the costs of 
head-up vigilance behavior (Blanchard and Fritz 2007, McDougall and Ruckstuhl 2018). Only 
two sources included an explicit acknowledgment that feeding and vigilance behaviors may co-
occur (Benhaiem et al. 2008, Bergvall et al. 2016). This potential temporal overlap with 
maintenance behaviors means that defining vigilance as mutually exclusive of other behaviors 
may lead to under-reporting of vigilance.  
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 We only found six sources with no formal definition for vigilance. We encourage 
researchers to continue to include specific definitions of how vigilance was measured. Specific 
definitions allow for more replicable methods and add to collective knowledge about the 
nuanced differences in how different behavioral markers specifically measure vigilance. We also 
encourage researchers to avoid using internal state only definitions and to specify the behavioral 
markers measured. Internal state definitions are akin to a “black box” wherein the actual 
behaviors measured in the field are unknown. Furthermore, internal state definitions that refer to 
vigilance as simply a state of being alert do not specify whether visual, auditory, or olfactory 
vigilance is measured. Certainly, this can often be assumed within the context of a study, but 
delineating specific behavioral markers allows for more replicable methods and contextualizes 
vigilance within empirically measurable behaviors. 
 In summary, we recommend that researchers (1) include specific behavioral markers of 
vigilance in their methods, (2) consider using already commonplace markers such as head-up or 
pointed-ear behaviors when measuring visual and/or auditory vigilance, (3) acknowledge that 
vigilance behavior can be performed concurrently with other behaviors (namely, feeding), and 
(4) recognize that current definitions of vigilance tend to be biased towards visual and auditory 
perception (which may be appropriate for some scenarios but may oversimplify animal responses 
in others). 
2. How did sampling methods affect results? 
 With the exception of sources using camera trap sampling, most sources reported a 
positive correlation between human activity and vigilance behavior in ungulates, regardless of 
how each was measured (Figure 3). This consensus across sampling methods suggests that 
anthropogenic effects, on average, led to increased vigilance, and that the association between 
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human activity and risk perception is sufficiently salient that varied sampling methods 
consistently detect it.  
 Measuring vigilance as a categorical response was the method most likely to show 
increased vigilance associated with human activity (Figure 3). This sampling method codes a 
behavior as either having occurred or not (similar to one-zero sampling as described in Altmann 
(1974)). The seven studies using this sampling method associated specific disturbances with the 
resulting (temporally proximate) behavior of the animal, whether that be continuation of 
maintenance behaviors or initiation of antipredator behaviors. Disturbance stimuli included 
tourists moving by (Papouchis et al. 2001, Borkowski et al. 2006, Tianyi et al. 2013), the 
approach of the researchers themselves (Caro 1999, Bonnot et al. 2017, Hariohay et al. 2018), 
and helicopter overflight (Tracey and Fleming 2007).  
 Categorical response sampling is differentiated from other sampling methods in that it is 
designed to measure the response to a specific stimulus, i.e., induced vigilance. Animals may be 
unbothered by the disturbance stimulus and independently display routine vigilance at the time 
of sampling; however, because the premise of categorical sampling is connecting disturbance to 
temporally proximate behavior, this vigilance is likely to be recorded as induced vigilance. Other 
sampling methods are more reliant on non-manipulative observation, measuring how individuals 
respond to non-specified stimuli in their environment, recording both routine vigilance and 
induced vigilance. These caveats highlight how difficult it is to distinguish between routine and 
induced vigilance in the field. 
 Induced vigilance is often marked by different characteristics than is routine vigilance, 
including quicker raises of the head and disruption of mastication (McDougall and Ruckstuhl 
2018). Furthermore, induced vigilance has traditionally been less studied than routine vigilance 
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(Blanchard and Fritz 2007). Routine vigilance, especially when timed with mastication during 
feeding, allows an animal to maintain a baseline awareness of its environment while invoking 
fewer costs of reduced feeding (Blanchard and Fritz 2007). Induced vigilance, on the other hand, 
occurs when a stimulus, perhaps the scent of a predator, disrupts maintenance behavior. This 
form of vigilance is more relevant to the paradigm of a vigilance-feeding trade-off, and is more 
costly to the individual animal (Blanchard and Fritz 2007). 
 Most of the sources, regardless of sampling method, did not differentiate between 
induced and routine vigilance, despite their differences. Six out of seven of the categorical 
response studies, which did focus on induced vigilance, found a positive correlation between 
human activity and vigilance. One possible explanation for this pattern is that human activity 
may be a particularly important factor affecting induced vigilance. If anthropogenic activities are 
especially salient, resulting in more induced vigilance, then the trade-off between vigilance 
behavior and feeding may be more costly for animals in anthropogenically-impacted 
environments. Distinguishing between the processes by which human activity affects both types 
of vigilance is a crucial next step in behavioral research designed to understand how wildlife 
navigate their habitat (Blanchard and Fritz 2007). 
 Identifying behavioral categories was also key, and the specificity with which the 
category of vigilance was differentiated from other responses differed among studies. The most 
common method was to categorize the response of the animal with three options: flight, 
vigilance, or no response (Papouchis et al. 2001, Bonnot et al. 2017, Tianyi et al. 2013).  Two 
sources also included multiple non-responsive behaviors, such as continuing to feed or remaining 
resting (Caro 1999, Hariohay et al. 2018).  
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 The other noteworthy pattern in how sampling method may affect results is with camera 
traps. As camera trap technology progresses, its applications to behavioral ecology increase 
(Trolliet et al. 2014). Camera trap sampling yielded the most variable overall effect results of any 
sampling method (Figure 3). We theorize that this was due to uncertainty about proximate 
environment when and where the photos were taken. Even with in-person observational 
sampling, observers are not able to notice all stimuli relevant to the focal individual(s). This 
becomes an even greater problem with camera trap sampling. The high variability in human 
effect for camera trap studies was likely due to uncertainties about what stimuli the animals were 
(and were not) responding to in real-time. If researchers use camera traps to study specific 
behaviors such as vigilance, their choice of site placement is key to minimizing unpredictability 
of proximate stimuli as best as possible (Trolliet et al. 2014). 
3. How did human activity affect ungulate vigilance? 
 Regardless of disturbance type, most studies found that human activity was more likely to 
increase rather than decrease vigilance behavior in ungulates (Figure 4). This result supports the 
risk disturbance hypothesis (Frid and Dill 2002), though there were some examples of human 
activity also decreasing vigilance behavior. 
 There are three main mechanisms potentially driving how vigilance (and other behavioral 
responses) may be changing with increased human activity: habituation, personality-dependent 
dispersal, and local adaptation (Samia et al. 2015, Blumstein 2016). 
 Habitation occurs when an individual lessens the magnitude of their behavioral response 
to a specific set of stimuli with increased exposure (Blumstein 2016). During any particular 
study, individuals differ in their level of habituation to human disturbance, which is likely to 
affect individual vigilance rates. Though many of the sources speculated about the effects of 
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habituation, none measured habituation empirically. Researchers recognize that habituation 
affects behavioral patterns at the level of the individual organism, and that habituated animals, 
with repeated exposure to a stimulus, will show asymptotic decline in the frequency or 
magnitude of the behavioral response in a nonlinear fashion (Blumstein 2016). Studying 
habituation in ungulates requires individual recognition and a means of reliably tracking 
exposure and response to a specific stimulus across time. 
 The second potentially relevant process is personality-dependent dispersal. There is 
increasing evidence that individual animals display a consistent behavioral phenotype across 
diverse situations (Sih et al. 2004). Personality-dependent dispersal occurs when individual 
animals “sort” themselves spatially with more tolerant individuals found near human 
development and less tolerant individuals found further from disturbance (Blumstein 2016). This 
process is often evoked when mostly bold animals are found near development and both bold 
and shy individuals are found further from human development. For example, Sutton and Heske 
(2017) found that bold white-tailed deer were found in high-visitation state parks but both bold 
and shy deer were found in low-visitation state parks. 
 Thirdly, tolerance to human disturbance may be affected by local adaptation processes. 
There is evidence across taxa that populations are rapidly evolving to anthropogenically-
impacted environments and that phenotypic change is often greater in areas with strong human 
influence (Hendry et al. 2008) especially if pre-existing levels of plasticity are high (Hendry et 
al. 2008).  
 Changes in vigilance are similarly recognizable and measurable in real-time regardless of 
the process driving them at longer time scales. For example, Atickem et al. (2014) found that 
mountain nyala showed significant variation across individuals in how often they increased 
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spatial overlap with humans to avoid nocturnal hyena predation. They did not test whether some 
nyala were more habituated than others, whether shyer nyala were found in certain habitats, or 
whether nyala populations were under anthropogenic selection pressure. Regardless of the 
underlying mechanism, the variability in behavior was still informative for understanding how 
anthropogenic development affected wildlife populations. 
 Still, we maintain that empirical studies aimed at understanding the mechanistic forces of 
habituation, personality-dependent dispersal, and local adaptation will greatly increase our 
understanding of vigilance behavior in human-impacted environments. These processes are 
likely concurrently affecting populations of ungulates and may lead populations to exhibit 
different levels of vigilance across human-impacted habitats.  
4. How did ungulate vigilance vary by disturbance type? 
 Across all disturbance types (Figure 4), the most common result was increased vigilance 
with increased human activity. Recreational activity yielded the most variable results, likely 
because this category included a variety of stimuli, with studies often combining them into a 
single catch-all “recreational activity” category. Bateman and Fleming (2017) propose that 
negative effects of recreational activity on wildlife are likely overreported, due to the complexity 
of these types of stimuli and their relationship with wildlife. This is not to say that recreational 
activity is, as a whole, less salient or less detrimental to wildlife than are other stimuli, but rather 
that accurately measuring the behavioral effects of recreational activity on wildlife is made 
difficult by the broad heterogeneity and dynamic nature of this suite of stimuli. Much remains to 
be uncovered about how increasing human activities affect wildlife, especially in national parks 
(Sarmento and Berger 2017). These results are crucial as protected areas receive as many as eight 
billion individual visits annually (Balmford et al. 2015). Protected areas, where hunting is often 
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officially banned, are usually studied as examples of places where non-consumptive effects are 
the primary anthropogenic influences. These activities are traditionally considered less harmful 
to wildlife than are consumptive activities; however, tourist harassment may have similar 
impacts since some of these activities (such as approaching and/or chasing wildlife) often result 
in physiological stress on the organism (Arlinghaus et al. (2016). 
 Hunting pressure was the sole consumptive disturbance type studied. All but one source 
found a positive correlation between hunting pressure and vigilance behavior. In the singular 
exception, the authors speculated that this pattern was more likely due to seasonal changes in 
mating behavior or shifting environmental factors during the onset of the fall hunting season 
(Schuttler et al. 2017). As the risk disturbance hypothesis predicts, anthropogenic consumptive 
pressures on wildlife yield changes in vigilance indicative of high perceived risk (Frid and Dill 
2002). 
 Roadways and general human development were the disturbance types most associated 
with decreased ungulate vigilance. This pattern suggests that, in many cases, ungulates perceive 
these stimuli as less risky, whether due to some unique aspect of this disturbance type or through 
habituation. Interestingly, the human shield hypothesis originated from a study on the effects of 
roadways on moose antipredator behavior. Female moose with calves spent more time around 
roadways in and around Yellowstone National Park, whereas females without calves exhibited 
no such spatial preference. Berger (2007) hypothesized that, because predators avoided heavily 
developed areas, moose mothers perceived roadways as safer for their offspring than less 
developed areas. It may be that constructed human structures, where human activity is not 
ubiquitous and is reduced at certain times of day, are less likely to be perceived as risks than are 
humans themselves.  
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5. What sources of intraspecific variation affected the vigilance response to human 
activity?   
 Sixty-two percent of sources (N = 42) in our review examined the effect of sex on 
vigilance. There was no consistent pattern in whether males or females were, on average, more 
vigilant. Males may be more likely than females to engage in social monitoring vigilance due to 
the need to monitor rival males that compete for mating opportunities (Childress and Lung 
2003). Females caring for offspring often exhibit heightened antipredator responses because their 
offspring are more vulnerable to predators, though the antipredator response between males and 
females without young is often found to be comparable (Stankowich 2008). Moreover, sex-
related differences vary by species and are likely seasonally dependent. 
 There were few consistent results regarding age differences in baseline vigilance 
behavior. Different studies have found that juvenile animals can be either more or less likely to 
exhibit vigilance than adults (Monclús and Rödel 2009). Juveniles, at a greater risk of predation 
than adults, may be more likely to exhibit antipredator behavior such as vigilance; however, 
juveniles are more energetically constrained (due to high feeding needs) and cannot devote as 
much time to vigilance as adults (Loehr et al. 2005). Juvenile animals have a less developed 
sense of differentiation between innocuous and risky stimuli, which matures through learning 
and experience, likely leading to greater variability in vigilance within this age class (Mateo 
1996). As much as we have yet to learn about how age and experience affect baseline vigilance 
rates, our review showed that even less research has been conducted on differential responses to 
anthropogenic stimuli. Only 28% of our sources (N = 19) looked at differences in vigilance due 
to age, with only two explicitly considering an interaction between age and human disturbance. 
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These two sources showed opposing patterns. Adult Dall’s sheep (but not juveniles) 
displayed a greater vigilance response around human disturbance (Loehr et al. 2005), but adult 
Alpine ibex and Alpine chamois showed no changes in vigilance closer to hiking trails while 
juveniles experienced higher vigilance (Weber 2015). Loehr et al. (2005) specifically made the 
point that, when they controlled for group size, the significant age effect was reduced to a trend. 
 Seventy-two percent of our sources (N = 49) examined group size effects on vigilance. 
Three sources found that human disturbance had a dampening effect on the group size benefits 
on vigilance (Manor and Saltz 2003, Wang et al. 2016, Saltz et al. 2018) and serve as a reminder 
that human activity can affect ungulate behavior in complex ways. The classic group size effect 
itself has been the subject of criticism (Beauchamp 2003); vigilance rates are not always found to 
decrease with increasing group size in natural populations. Furthermore, this relationship is 
likely also affected by environmental factors such as distance to escape terrain (Frid 1997). 
Regardless, these studies are important because they indicate that, even among different species 
encountering varying environments, human disturbance can significantly affect this group size 
effect. This pattern is certainly worthy of further study.  
Most studies acknowledged possible variation in baseline vigilance behavior, but few 
measured differential responses to human activity. We suggest that researchers design more 
studies to focus on the latter. Understanding behavior in the Anthropocene requires measuring 
how these behaviors change with added anthropogenic pressures. Such studies will help us to 
better understand variability in response to dynamic and often novel environmental changes, 
which is key for those interested in hypothesizing how individuals, populations, and species will 
fare in the face of continued global change.  
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Furthermore, the most comprehensive understanding of species’ response to 
anthropogenic pressures will acknowledge the breadth of antipredator behavior, comparing 
various empirically measured aspects of risk perception. For example, a review of ungulate FID 
(Stankowich 2008) found some key patterns similar to those found in our review of vigilance. 
Chiefly, the heterogeneity of flight response both between and within species mirrors the broad 
variability that we uncovered in vigilance responses. Disturbance type was significant, with 
humans on foot yielding a more heightened flight response than vehicles, including aircraft 
(Stankowich 2008). Interestingly, in our review, aircraft was the only disturbance type where all 
results showed a positive correlation between human activity and vigilance. It is certainly worthy 
of further study to compare vigilance, flight, and other measures of risk perception across 
disturbance types. 
This FID review was also chiefly interested in intraspecific variation. No consistent 
qualitative effects of age or sex were found, though there was a trend for females and for 
juveniles to flee at greater distances than adult males (Stankowich 2008). Regarding group size 
and FID, the results were highly varied across species with a trend for larger groups to show a 
more heightened response (Stankowich 2008). This result contrasts with the group size effect 
commonly associated with vigilance behavior, though our review confirms this group size effect 
is subject to anthropogenic effects.  
This potentially contrasting effect of group size does highlight an important point: flight 
and vigilance, though both antipredator behaviors, are distinct and likely affected by varied 
environmental factors. For example, flight behavior likely requires a higher risk threshold than 
vigilance, as animals typically expend more energy fleeing than surveying the environment. 
Measuring levels of risk at which vigilance is sufficient to address the stimulus (versus flight 
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behavior) would elucidate much about how animals weigh risks within their own energetics 
budget. Ultimately, studies of risk perception that acknowledge the nuanced differences between 
various antipredator behaviors, while integrating insights derived from this variability, will 
provide the broadest picture of how ungulates and other organisms perceive risks. 
Conclusions 
 Our review uncovered several salient patterns in how researchers approach the study of 
anthropogenic effects on ungulate vigilance and in their results. We suggest that researchers 
design their protocols with clear definitions of vigilance that include specific behavioral markers, 
allowing for more replicable methods. Our review will also help researchers construct a priori 
hypotheses based on sampling method or disturbance type as to how vigilance will be affected 
by anthropogenic activity. Additionally, considering the different adaptive roles and behavioral 
mechanisms of routine and induced vigilance allows for more comprehensive understanding. 
 We found that most human disturbances lead to increased vigilance in ungulates, but that 
the variability changed between disturbance types. In addition to disturbance type, vigilance 
varied with extrinsic and intrinsic factors such as sex, age, and group size. As far as 
understanding the broad biological processes driving behavioral changes, we recommend that 
further research focuses on disentangling the effects of habituation, personality-dependent 
dispersal, and local adaptation. There remain many unanswered questions about how ungulates 
respond to ubiquitous and rapid human development across the globe, both in managed and 
wilderness settings. We suggest a more concerted effort in studying vigilance to acknowledge the 
myriad of ways in which humans change risk perception across the landscape and the variability 
of behavioral responses both between and within species. 
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Figures and Tables 
Table 1. The 8 types of data extracted from each of the 68 sources reviewed. 
Data Extracted Description 
Publication year Year the source was originally published 
Species Species studied 
Geographic location Country where the study was conducted 
Definition Definition of vigilance (if provided) 
Disturbance type Type of human activity studied 
Sampling method Focal sampling, scan sampling, etc. 
Overall effect of human disturbance Relationship between disturbance and vigilance 
 
Table 2. Human activity types studied in relation to ungulate vigilance in the 68 sources evaluated. Note that the 
sources sum to more than 68 because some sources studied multiple activity types. 
Type of Human Activity Studied Number of 
Sources 
Recreational activity 21 
Hunting pressure 17 
Cars and roadways 16 
General human development 8 
Aircraft 4 
Livestock 4 
Dogs 3 
General or non-specified human presence 3 
Audio playback 2 
Other activity types* 7 
*Other types of activity included culling, human handling, road reflectors, mining and resource extraction, fencing, 
and the presence of domestic horses 
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Figure 1. Countries in which the vigilance studies were conducted. 
 
 
Figure 2. Proportions of sources finding anthropogenic effects on ungulate vigilance categorized by taxonomic 
family studied. Correlation refers to the relationship between level of human activity and measured level of 
vigilance. Cervidae (N = 35) and bovidae (N = 26). Note that Antilocapridae (N = 3), Suidae (N = 2), Tylopoda (N = 
2), Giraffidae (N =1), and Equdiae (N = 1) are not shown here due to small sample size. 
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Figure 3. Proportions of sources finding anthropogenic effects on ungulate vigilance categorized by sampling 
method. Correlation refers to the relationship between level of human activity and measured level of vigilance. 
Focal sampling (N = 42), scan sampling (N = 20), camera traps (N = 7), and categorical response (N = 7). 
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Figure 4. Proportions of sources finding anthropogenic effects on ungulate vigilance categorized by disturbance 
type studied. Correlation refers to the relationship between level of human activity and measured level of vigilance. 
Recreational activity (N = 21), hunting pressure (N = 17), cars and roadways (N = 16), aircraft (N = 4), and 
livestock (N = 4).  
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Supplementary Appendix 
Supplement 1. A list of the 68 sources in this review focused on anthropogenic effects on ungulate vigilance. 
Source Species Country 
Langbein and Putman 
(1992) 
Red deer (Cervus elaphus) 
Fallow deer (Dama dama) 
UK 
Caro (1999) “Any mammal larger than a rat” Tanzania 
Burger et al. (2000) Springbok (Antidorcas marsupialis) Namibia   
Duchesne et al. (2000) Caribou (Rangifer tarandus) Canada 
Papouchis et al. (2001) Bighorn sheep (Ovis canadensis) USA 
Bögel and Härrer (2002) Chamois (Rupicapra rupicapra) Germany 
Mattiello et al. (2002) Red deer (Cervus elaphus) Italy 
Manor and Saltz (2003) Mountain gazelle (Gazella gazella) Israel 
Frid (2003) Dall's sheep (Ovis dalli) Canada 
Kovanen et al. (2005) Dall’s sheep (Ovis dalli) Canada 
Kloppers et al. (2005) Elk (Cervus elaphus) Canada 
Matson et al. (2005) Impala (Aepyceros melampus) Zimbabwe 
Goldstein et al. (2005) Mountain goat (Oreamnos americanus) USA 
Gavin and Komers (2006) Pronghorn (Antilocapra americana) Canada 
Borkowski et al. (2006) Bison (Bison bison) 
Elk (Cervus elaphus) 
USA 
Setsaas et al. (2007) Impala (Aepyceros melampus) Tanzania 
Tracey and Fleming (2007) Feral goat (Capra hircus) Australia 
Benhaiem et al. (2008) Roe deer (Capreolus capreolus) France 
Jayakody et al. (2008) Red deer (Cervus elaphus) UK 
Kamanda et al. (2008) Sable antelope (Hippotragus niger) Zimbabwe 
Coleman et al. (2008) Gunther's dik-dik (Madoqua guentheri) Kenya 
St. Clair and Forrest (2009) Elk (Cervus elaphus) Canada 
Brown et al. (2010) Bighorn sheep (Ovis canadensis) Canada 
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Supplement 1 continued. 
Source Species Country 
Cleveland (2010) Elk (Cervus elaphus) USA 
Marealle et al. (2010) Giraffe (Giraffa camelopardalis) Tanzania 
Arzamendia et al. (2010) Vicuña (Vicugna vicugna) Argentina 
Reimers et al. (2011) Caribou (Rangifer tarandus) Norway 
Lian et al. (2011) Tibetan antelope (Pantholops hodgsoni) China 
Tadesse and Kotler (2012) Nubian ibex (Capra nubiana) Israel 
Reimers et al. (2012) Caribou (Rangifer tarandus) Norway 
Crosmary et al. (2012) Impala (Aepyceros melampus) 
Greater kudu (Tragelaphus strepsiceros) 
Sable antelope (Hippotragus niger) 
Zimbabwe 
Sundararaj et al. (2012) Chital deer (Axis axis) India 
Brown et al. (2012) Elk (Cervus elaphus) 
Pronghorn (Antilocapra americana) 
USA 
Ciuti et al. (2012) Elk (Cervus elaphus) Canada 
Blackwell et al. (2012) White-tailed deer (Odocoileus virginianus) USA 
Tian Yi et al. (2013) Blue sheep (Pseudois nayaur) China 
Robinson and Merrill 
(2013) 
Elk (Cervus canadensis) Canada 
Sönnichsen et al. (2013) Roe deer (Capreolus capreolus) Poland 
Zheng et al. (2013) Père David’s Deer (Elaphurus davidianus) China 
Benoist et al. (2013) Mouflon (Ovis gmelini) France 
Côté et al. (2013) Mountain goat (Oreamnos americanus) Canada 
Waser et al. (2014) Mule deer (Odocoileus hemionus) USA 
Shannon et al. (2014) Pronghorn (Antilocapra americana) 
Elk (Cervus elaphus) 
USA 
Eisenberg et al. (2014) Elk (Cervus elaphus) USA,  
Canada 
Kuijper et al. (2015) Red deer (Cervus elaphus) Poland   
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Supplement 1 continued. 
Source Species Country 
Lynch et al. (2015) Mule deer (Odocoileus hemionus) USA 
Bonnot et al. (2015) Roe deer (Capreolus capreolus) France 
Dalerum and Belton (2015) Impala (Aepyceros melampus) 
Blue wildebeest (Connochaetes taurinus) 
Warthog (Phacochoerus africanus) 
South Africa 
Popova et al. (2015) Roe deer (Caprelous capreolus) Bulgaria 
Weber (2015) Alpine ibex (Capra ibex) 
Alpine chamois (Rupicapra rupicapra) 
Italy 
Parsons et al. (2016) White-tailed deer (Odocoileus virginianus) USA 
Podgórski et al. (2016) Wild boar (Sus scrofa) Poland, Belarus 
Bergvall et al. (2016) Fallow deer (Dama dama) Sweden 
Wang et al. (2016) Khulan (Equus hemionus) China 
Pecorella et al. (2016) Fallow deer (Dama dama) Italy 
Muposhi et al. (2016) Impala (Aepyceros melampus) Zimbabwe 
O'Neill (2016) Red deer (Cervus elaphus) UK 
Wang et al. (2017) Père David’s Deer (Elaphurus davidianus) China 
Cappa et al. (2017) Guanaco (Lama guanicoe) Argentina 
Paton et al. (2017) Elk (Cervus elaphus) Canada 
Schuttler et al. (2017) White-tailed deer (Odocoileus virginianus) USA 
Lesmerises et al. (2017) Caribou (Rangifer tarandus) Canada 
Bonnot et al. (2017) Roe deer (Capreolus capreolus) France 
Setsaas et al. (2018) Impala (Aepyceros melampus) Tanzania 
Seidler et al. (2018) Pronghorn (Antilocapra americana) USA 
Riginos et al. (2018) Mule deer (Odocoileus hemionus) USA 
Hariohay et al. (2018) Impala (Aepyceros melampus) 
Greater kudu (Tragelaphus strepsiceros) 
Tanzania 
Saltz (2018) Nubian ibex (Capra nubiana) Israel 
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Abstract 
 As humans continue to develop the Earth, the potential for human-wildlife conflict is 
rising. Protected areas such as national parks are not free from this conflict; ecological research 
has shown that human recreationists can have significant effects on the behavior of wildlife in 
national parks. Research has often focused on recreationists’ broad views of conservation and 
management. We know less about visitors’ perceptions of their own immediate effects on 
wildlife. We designed a survey instrument to research how visitors to Glacier National Park 
perceive their interactions with and potential effects on wildlife, with a focus on bighorn sheep 
(Ovis canadensis), a species especially vulnerable to human activity, yet heavily reliant upon 
human-dominated landscapes. We focused on how visitor perceptions were affected by 
demographic characteristics, recreational background, excitement for seeing wildlife, knowledge 
of wildlife, beliefs regarding the prioritization of wildlife welfare in national parks, and social 
media usage. We found that wildlife-related knowledge and excitement for seeing wildlife were 
inversely related. Furthermore, age and views on wildlife welfare affected how visitors perceived 
their own effects on wildlife.  
43 
 
Introduction 
Globally, there are over 8 billion individual visits to protected areas each year (Balmford 
et al. 2015). In these areas, visitors often engage in recreational activities that include hiking, 
biking, and camping. Though these activities may seem benign, they can adversely affect 
resident wildlife. Such activities have been linked to shifts in the behavioral patterns of 
mammals, birds, and reptiles (Bateman and Fleming 2017). In North America, studies on species 
including large ungulates (e.g., bison (Malo et al. 2011) and bighorn sheep (Papouchis et al. 
2001, Krausman 2017)), mesocarnivores (e.g., skunks and gray fox (Baker and Leberg 2018)), 
and large carnivores (e.g., mountain lions (Baker and Leberg 2018) and polar bears (Dyck and 
Baydack 2004)) have shown that human recreationists can adversely affect the spatiotemporal 
activity patterns of wildlife. In fact, outdoor recreation is one of the leading causes of endangered 
species decline on protected land in the United States (Taylor and Knight 2003).  
Despite the detrimental effects that recreation can have on wildlife, recreationists tend to 
view their activities as having little to no effect on resident fauna (Flather and Cordell 1995, 
Taylor and Knight 2003). Visitors often do not fully understand how their presence can affect 
wildlife, whether it be long-term impacts or the immediate effects of their presence near wildlife. 
In fact, visitors to American national parks are approaching animals more closely than they have 
in the past several decades (Cherry et al. 2018), which is a behavior known to disrupt wildlife 
behavior (Stankowich 2008). This capacity for human-wildlife conflict arises from a mismatch 
between ecological reality and human perception. Understanding visitor perceptions is key if we 
are to understand how to rectify this source of human-wildlife conflict (Taylor and Knight 2003). 
The study of human-wildlife conflict is often contextualized within a risk perception 
framework. Risk perception is influenced by multiple factors, including demography, social 
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pressure, a priori knowledge, and beliefs (Griffin et al. 1999). In recent years, threats to the 
environment have become a focus of greater study. These threats, termed ecological risks, refer 
to processes and events that threaten species and ecosystems, and are often perceived as risky to 
the natural world as a whole or to specific components of nature, such as wildlife (McDaniels et 
al. 1995). These anthropogenic risks to the environment are of great interest to both 
environmental scientists and social scientists.  
Survey instruments have been used to highlight how the intrinsic and extrinsic 
characteristics of individuals influence the degree to which they perceive certain practices as 
being risky to wildlife (Kellert 1993, Taylor and Knight 2003). We designed our survey to focus 
on characteristics of individual recreationists and how these factors were associated with visitor 
perceptions of potentially adverse effects of human recreation on wildlife behavior.  
Demographic factors such as age, sex, and education can affect an individual’s 
perceptions of wildlife. For example, women tend to place higher importance on animal welfare 
and are more supportive of conservation than men (Liordos et al. 2017). Similarly, younger age 
and higher education levels are consistently found to be associated with more positive views of 
wildlife (Kellert 1993, Liordos et al. 2017).  
Apart from demography, knowledge has been associated with strong feelings about 
wildlife. For example, Martín-López et al. (2007) found that people with stronger ecological 
knowledge placed higher priority on environmentalist causes, such as sustainability or 
conservation. On the other hand, interest and excitement for wildlife do not always coincide with 
knowledge about wildlife. Kellert (1993) found that (across three developed countries) most 
people had a strong interest and appreciation for wildlife, but that knowledge about wildlife and 
their habitats tended to be low. The effects of excitement for wildlife viewing and the effects of 
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being knowledgeable about wildlife (and how they influence each other) remain important areas 
of inquiry.  
One key factor potentially associated with knowledge and excitement is social media 
usage. Social media is a relatively new area of study in the sphere of human dimensions of 
conservation (Wu et al. 2018). Social media is often described as a double-edged sword: it can 
educate users and provide exposure to issues facing wildlife, but it can also disseminate and 
model behavioral norms harmful to wildlife   (Lenzi et al. 2019). For example, selfies taken with 
wildlife have proliferated to the point where Instagram has a warning (that pops up if one 
searches for wildlife selfies) that mentions the deceptively benign nature of selfies taken in close 
proximity to wildlife (Lenzi et al. 2019). Social media users may overlook behavioral indicators 
of stress in the animals for a multitude of reasons; for example, they may be unaware of what 
these behaviors mean and, in some cases, these distressed behaviors may even be considered cute 
and desirable (Lenzi et al. 2019). In addition, excitement about capturing the perfect picture and 
the potential thrill of a viral post may contribute to behaviors that put the photographer in closer 
proximity to wildlife and pose great risk to people or animals. In this study, we explore the 
association between social media usage and visitors’ perceptions of wildlife and wildlife welfare.   
Study Area 
We focused on visitors to Glacier National Park (GNP) in Montana, USA. GNP is 
comprised of over 1 million acres of relatively undisturbed and intact land. It is home to 71 
species of mammals, 276 species of birds, and 9 species of herpetofauna (nps.gov).  
Many species in GNP are considered threatened, endangered, or especially susceptible to 
human influence (nps.gov). The appeal of undeveloped habitats and diverse wildlife has attracted 
over 2.9 million visitors to GNP annually (irma.nps.gov). Popular recreational activities include 
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hiking, camping, photography, fishing, boating, skiing, and mountain biking (nps.gov). With so 
many available activities, there is considerable variety in the types of people drawn to visit GNP. 
Understanding this variability in demography is vital to understanding how various visitors 
perceive their interactions with wildlife. 
Bighorn sheep (Ovis canadensis) are a species of specific interest to the park (Mark Biel, 
GNP, personal communication). They are dependent upon protected areas for survival but are 
also sensitive to human disturbance (Brewer et al. 2014). For bighorn sheep across North 
America, human development and anthropogenic activity have been linked to fear-related 
behaviors (Hicks and Elder 1979, Papouchis et al. 2001, Sproat 2012), lower foraging efficiency 
(Stockwell et al. 1991), increased physiological stress (MacArthur 1982), and reduced access to 
mineral licks (Keller and Bender 2007) and breeding sites (Wiedmann and Bleich 2014). Given 
this susceptibility to adverse human effects, a better understanding of human-sheep interactions 
is critical. Therefore, we focused portions of our survey on bighorn sheep to collect targeted data 
on the potential for negative human-wildlife interactions. Additionally, we used responses 
concerning this easily recognizable and charismatic species as a proxy for general perceptions of 
megafaunal species in the park. 
In summary, the present study will answer the following questions: (1) How are 
demographic characteristics associated with perceptions of wildlife in national parks?, (2) How 
closely correlated are excitement about viewing wildlife and knowledge about wildlife, and how 
are they associated with visitor perceptions of their own effects on wildlife in national parks?, 
and (3) How is social media usage associated with the aforementioned factors? 
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Methods 
Survey Design  
 We developed a survey instrument (Supplement 1) to assess visitor perceptions of their 
interactions with wildlife in GNP. We were interested in how (1) demographics, such as sex, age, 
and education level; (2) engagement in various recreational activities; (3) excitement about 
wildlife; (4) knowledge about wildlife; and (5) social media usage were associated with visitors’ 
beliefs about wildlife interactions in the park and related issues of wildlife welfare. This project 
was approved by the Institutional Review Board of Iowa State University (IRB ID 19-296) 
(Supplement 2). 
Survey Distribution 
 The survey was distributed over June and July of 2019 at GNP. The first author (B.J. 
Johnson) conducted all surveys to minimize interviewer effects. Surveys were distributed during 
daylight hours at the two main visitor centers in GNP (Apgar Visitor Center at the park’s western 
entrance and St. Mary Visitor Center at the park’s eastern entrance). These two sites were prime 
spots for surveying a representative cross-section of visitors in the park because they provide 
resources (e.g., potable water, WiFi access, curated weather forecasts, informational pamphlets, 
and access to park rangers) that visitors, regardless of recreational background, likely needed to 
use at some point.   
 For survey distribution, a number between 1 and 5 was randomly selected to dictate the 
passerby at which surveys started for that day (i.e., first passerby, second passerby, etc.). 
Excepting this initial contact, every 5th passerby was then approached. The interviewer 
approached visitors and explained that they were conducting research on visitor perceptions of 
wildlife in the park and asked the visitor if they had the time to fill out as much of the survey as 
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they could. Visitors were told they could take the paper survey at their own pace but that the 
interviewer would be nearby if they had any questions. There were never more than 3 surveys 
out at once. Contacts under 18 years of age were excluded. This approach yielded 198 complete 
surveys, with a response rate of 85%. 
Multiple Imputation 
 Our final data set of completed surveys had 12.3% of items left blank. Five percent is 
often considered to be an acceptable cutoff for missing data (Leite and Beretvas 2010). We 
suspect this high rate of missing data was due to the length of the survey and that, when left to 
take a survey on their own, respondents are more likely to skip items (Hewett et al. 2004).  
 We used multiple imputation to address the high level of uncompleted items. Multiple 
imputation assigns multiple possible values to each missing value based on a specific probability 
model generated from the non-missing data (Leite and Beretvas 2010). This method is a proven 
option for survey analyses when response rates are low (Leite and Beretvas 2010). 
 We used the mice package (van Buuren and Groothuis-Oudshoorn 2011) in version 3.5.3 
of R (R Core Team 2019) for our imputation. We used the default number of five imputations to 
create a composite data set with imputed data for missing items. The following steps on creation 
of scores and linear modeling were completed using the imputed data set. 
Model Variables 
 We compiled ages into discrete categories: teens, 20s, 30s, 40s, 50s, 60s, and >70. In self-
identifying gender, all participants selected either male or female. Annual family income could 
be selected from six options: less than $20,000, $21,000-$34,000, $35,000-$49,000, $50,000-
$74,000, $75,000-$99,000, $100,000 or more. We simplified education into a binary category of 
those with and those without a Bachelor’s degree, though respondents were able to select all 
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degrees/diplomas they possessed. Regarding social media usage, respondents were presented 
with a checklist of options for plans for photos taken. We categorized social media usage as 
whether or not a participant planned to post photos of their trip to a private and/or public social 
media account, based on whether or not at least one of those two items was checked (Table 1).  
 We were also interested in how participants who regularly hunted and fished differed 
from those who do not. Participants were asked how often they engaged in recreational hunting 
and in recreational fishing, with the options being: “Multiple times a month,” “Once a month,” 
“Several times a year,” “Once a year,” and “Less often than once a year.” We created a binary 
category of participants who hunt and/or fish at least once a year and those who do not (hereafter 
referred to as the Hunting-Fishing Status). Based on respondents choosing from these same 
frequency of activity categories ranging from “Multiple times a month” to “Less often than once 
a year”, we created binary categories for whether participants visited national parks at least once 
a year and another category for whether they viewed wildlife recreationally at least once a 
year—the Park Visitor Status and the Wildlife Recreationist Status, respectively (Table 1). 
 To obtain a measure of a participant’s excitement for seeing wildlife, we asked 
respondents how important it was for them to see 13 different mammal species found within the 
park. The species were beaver, bighorn sheep, black bear, elk, gray wolf, grizzly bear, moose, 
mountain goat, mountain lion, pika, red fox, river otter, and wolverine. A score of 1 
corresponded to a species being “Not at all important” for the participant to see in the park and a 
score of 7 corresponded to that species being “Extremely important.” We ultimately decided not 
to use the scores from the pika item because a large number of visitors expressed that they did 
not know what a pika was and we worried that some participants may have given a score despite 
unfamiliarity with the species. Using the R package psych (Revelle 2019), we used Cronbach’s α 
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(Cronbach 1951), a measure of internal consistency, to measure how well the 12 remaining 
excitement scores formed a reliable scale. A Cronbach’s α value of 0.75 and higher is generally 
considered the threshold for forming internally consistent scales (Cronbach 1951). Cronbach’s α 
for these species excitement items was 0.94, which justified averaging the values associated with 
these 12 species to form a single score. This mean score will hereafter be referred to as the 
Excitement Score (Table 1). 
 To obtain a measure of a participant’s knowledge of wildlife in the park, we asked a 
series of eight true or false questions about bighorn sheep. We crafted questions concerning what 
we deemed to be “basic” bighorn sheep ecology and biology (Table 2). Using only participants 
who had answered all eight questions, we created a singular score by adding up the number of 
correct responses, hereafter referred to as the Knowledge Score (Table 1). 
 To obtain a measure of a participant’s views of wildlife welfare in the park, we asked a 
series of 5-point Likert items in which respondents indicated their level of agreement with 
several statements ranging from 1 (Strongly disagree) to 5 (Strongly agree). These statements all 
concerned various aspects of wildlife welfare in American national parks. Four of these items 
specifically related to the degree to which wildlife welfare should be prioritized in national 
parks. We combined these four items (Cronbach’s α = 0.75) into one single reliable scale for 
assessing views on the prioritization of wildlife welfare in national parks. The four relevant 
statements are as follows: 
American national parks receive too much federal funding 
American national parks should prioritize visitor enjoyment over the welfare of wildlife 
American national parks have too many protections for wildlife 
Bighorn sheep exist primarily for the enjoyment of visitors 
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 A score of 5 (Strongly agree) on statements indicated a negative valence towards 
prioritizing wildlife welfare in national parks. To have higher scores reflect more positive views 
on prioritization of wildlife welfare, we switched the directionality of the item scores so that a 
score of 1 corresponded to strong agreement with a statement and a score of 5 corresponded to 
strong disagreement with a statement. We took the mean score across all four items and 
combined it into a composite score, hereafter referred to as the Welfare Score (Table 1).  
 We were chiefly interested in two items on the survey concerning anthropogenic effects 
on wildlife. These two items measured how visitors perceive the magnitude and valence of 
effects on wildlife in GNP. Firstly, we asked a Likert item with the statement “I believe that 
visitor activity has a significant effect on bighorn sheep in Glacier National Park.” Again, a score 
of 1 corresponded to “Strongly disagree” and a score of 5 to “Strongly agree.” This score is 
hereafter referred to as the Effect Magnitude Score (Table 1). 
 The second item asked: “What type of effects do you believe that visitors have on 
bighorn sheep in Glacier National Park?” The options were “All negative effects” (score of 1), 
“Mostly negative effects and some positive effects (2), “Neutral effects” (3), “Mostly positive 
effects and some negative effects” (4), and “All positive effects” (5). This score is hereafter 
referred to as the Effect Valence Score (Table 1). 
Linear Models  
We checked for correlations between the 12 relevant variables using the ggpairs function 
in the R package “ggplot2” (Wickham 2016). No correlations with absolute value above 0.35 
were found (Supplement 3), allowing us to consider each linear model as independent of each 
other model and to include all combinations of variables in our models.  
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We were chiefly interested in understanding Excitement Score and Knowledge Score and 
ran models with each as an independent variable. To focus on our question of welfare, we opted 
to run models with Effect Magnitude Score and Effect Valence score as independent variables 
because these two items reflect aspects of visitors’ considerations of their potential effects on 
wildlife welfare. Thus, we ran linear models (using the lm function in R) on four dependent 
variables: Excitement Score, Knowledge Score, Effect Magnitude Score, and Effect Valence 
Score (Table 4).  
 Age, gender, and education were included in each model because these demographics 
have been shown to affect interest in wildlife, ecological knowledge, and wildlife welfare views 
(Kellert 1993, Liordos et al. 2017). We included Park Visitor Status and Wildlife Recreationist 
Status in each model because we were interested in how familiarity with wildlife and protected 
areas may affect the characteristics of interest. Social Media Status was a primary factor of 
interest for the study and was included in each model. Hunting-Fishing Status was included in 
the models for Effect Magnitude Score and for Effect Valence Score because hunters have often 
been shown to have different views on welfare than non-hunters (Zinn et al. 2002). 
 The complicated relationships between ecological knowledge, interest in wildlife, and 
views on wildlife welfare have been of interest to social scientists for decades (Kellert 1993, 
Martín-López 2007). Thus, Knowledge Score and Welfare Score were included in the model for 
Excitement Score, and Excitement Score and Welfare Score were included in the model for 
Knowledge Score. Finally, Excitement Score, Welfare Score, and Knowledge Score were 
included in both the model for Effect Magnitude Score and for Effect Valence Score because 
these two models constituted our chief measure of visitor perceptions of their effects on wildlife 
and the primary focus of this study was how these factors influence such perceptions. 
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Results 
 Out of 198 completed surveys, one hundred respondents were women, 89 were men, and 
9 respondents left the gender item blank. The median age was 55, with reported ages ranging 
from 19 to 84 (Table 1). Of respondents, 76% had a Bachelor’s degree or higher. Three percent 
of respondents reported an annual family income of less than $20,000; 8% reported $21,000-
$34,000; 9% reported $35,000-$49,000; 17% reported $50,000-$74,000; 13% reported $75,000-
$99,000; and 49% of respondents reported an annual family income of $100,000 or higher.  
 Thirty-five percent of respondents said they planned to post photos of their trip to a 
private social media account and 24% that they planned to post to a public social media account. 
Of respondents, 15% and 47% reported engaging in recreational hunting and recreational fishing, 
respectively, at least once a year. Of respondents, 85% reported visiting national parks at least 
once a year. Of respondents, 95% reported viewing wildlife recreationally at least once a year. 
 Mean excitement values for each of the 12 species were as follows: moose (5.6), 
mountain goat (5.4), bighorn sheep (5.3), grizzly bear (5.2), black bear (5.1), elk (5.1), wolf 
(5.1), wolverine (4.8), mountain lion (4.7), red fox (4.6), river otter (4.6), and beaver (4.0). The 
composite Excitement Score ranged from 1.0 to 7.0, with a mean value of 5.0 (Table 1). 
 Knowledge Score ranged from 2.0 to 8.0, with a mean value of 5.9 (Table 1). No 
respondent answered more than 2 out of 8 questions incorrectly, and 16 respondents answered all 
8 questions correctly (Table 3). 
 Welfare Score ranged from 2.2 to 5.0, with a mean value of 4.2, reflecting generally 
strong disagreement with all four component statements (Table 1). Of respondents, 18% either 
agreed or strongly agreed that “American national parks receive too much federal funding.” Of 
respondents, 17% either agreed or strongly agreed that “American national parks should 
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prioritize visitor enjoyment over the welfare of wildlife.” Of respondents, 14% either agreed or 
strongly agreed that “American national parks have too many protections for wildlife.” Of 
respondents, 9% either agreed or strongly agreed that “Bighorn sheep exist primarily for the 
enjoyment of visitors.” 
 Sixty-seven percent of respondents either agreed or strongly agreed that “Visitor activity 
has a significant effect on bighorn sheep in Glacier National Park.” Of respondents, 65% 
believed that visitor effects on bighorn sheep were either all negative or mostly negative. Only 
7% of respondents believed that visitor effects on bighorn sheep are mostly positive, with zero 
respondents believing that they are all positive. 
Linear Models 
 We evaluated significance based on the framework presented in Greenwood 2019 for 
interpreting p-values along a gradient rather than as a strict cut-off. 
There was strong evidence that a lower Knowledge Score was associated with a higher 
Excitement Score (p = 0.04) (Table 5). Age, gender, education, Park Visitor Status, Wildlife 
Recreationist Status, Social Media Status, and Welfare Score were all found to be insignificant 
(all p > 0.30).  
 There was strong evidence that being older in age (p = 0.02) and lower Excitement 
Scores (p = 0.04) were associated with a higher Knowledge Score (Table 6). There was very 
strong evidence that viewing wildlife recreationally at least once a year (p = 0.009) was 
associated with a higher Knowledge Score (Table 6). Gender, education, Park Visitor Status, 
Social Media Status, and Welfare Score were all found to be insignificant (all p > 0.20).  
 There was strong evidence that being younger in age (p = 0.03) was associated with a 
higher Effect Magnitude Score (Table 7). There was very strong evidence that higher Welfare 
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Scores were associated with a higher Effect Magnitude Score (p < 0.0001) (Table 7). Gender, 
education, Park Visitor Status, Wildlife Recreationist Status, Social Media Status, Hunting-
Fishing Status, Excitement Score, and Knowledge Score were all found to be insignificant (all p 
> 0.10). 
 There was strong evidence that being older in age (p = 0.03) and viewing wildlife 
recreationally at least once a year (p = 0.01) were associated with a higher Effect Valence Score 
(Table 8). There was very strong evidence that hunting and/or fishing recreationally at least once 
a year (p = 0.009) and lower Welfare Scores (p = 0.0002) was associated with a higher Effect 
Valence Score (Table 8). Gender, education, Park Visitor Status, Social Media Status, 
Excitement Score, and Knowledge Score were all found to be insignificant (all p > 0.30). 
Discussion 
 Ultimately, placing higher importance on the prioritization of wildlife welfare in national 
parks was associated with the belief that visitors affected wildlife (specifically bighorn sheep) 
and that the resulting effects were negative. Consensus in the ecological literature is that 
recreational activity can, in fact, affect wildlife across a variety of species and environments 
(Frid and Dill 2002, Bateman and Fleming 2017). Whether these effects are positive or negative 
varies considerably by species and context. Certainly, there is a wealth of literature showing that 
recreationists can adversely disrupt the behavior of wildlife (Stankowich 2008, Bateman and 
Fleming 2017). There is even evidence that increased exposure to human presence can cause 
wildlife to become more susceptible to predation from natural predators (Geffroy et al. 2015).  
 Broadly speaking, visitors likely recognized (to varying degrees) that humans are rapidly 
changing the Earth. Anthropogenic effects are widespread and putting wildlife across the globe 
at risk (Dirzo et al. 2014). Despite this, many respondents, after completing the survey, told us 
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that this was the first time they had even considered that their presence in the park might affect 
wildlife, and thus act as an ecological risk (B.J. Johnson, personal observation). Our results 
suggest that, though visitors were able to recognize human recreation as a potential ecological 
risk to wildlife when prompted, this risk was not often considered. Further research could 
investigate how visitor perceptions of human recreation compare to those of other ecological 
risks, such a pollution or habitat loss.  
 The perception of ecological risk is complicated due to the abundant examples of human 
presence actually conferring benefits to wildlife in protected areas. According to the human 
shield hypothesis (Berger 2007), wildlife may increase spatiotemporal overlap with humans 
since their natural predators avoid areas with high human activity. Mountain nyala venture near 
human settlements at night, avoiding hyenas when they are most active (Atickem et al. 2014). In 
GNP, there is evidence that mountain goats use human visitors as predator shields (Sarmento and 
Berger 2017). Furthermore, interpreting whether or not anthropogenic effects on wildlife are 
“positive” or “negative” can be tricky and subjective (Bateman and Fleming 2017). The diversity 
of results in the behavioral ecology literature suggests that we cannot interpret the Effect 
Magnitude item or the Effect Valence item as having correct answers (or even more ecologically 
informed answers).  
 Ultimately, our survey could not distinguish those visitors, perhaps more familiar with 
animal behavior, who understood the capacity for this ecological risk and believed it to be a non-
pressing threat from those visitors who did not understand the capacity for this kind of human-
wildlife conflict in the first place. There is a difference between knowledge of an animal’s 
biology and an understanding of the ways in which anthropogenic pressures can affect wildlife. 
The extent to which knowledge can influence beliefs has been the topic of study for decades, and 
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a topic for future work is how educational campaigns focused on human-wildlife conflict in 
national parks may affect visitors’ conceptions about their potential effects on wildlife. 
It is worth noting that Knowledge Score was not significant in either the model for Effect 
Magnitude Score nor for Effect Valence Score. Excitement Score, similarly, was not significant 
in either model. This evidence suggests that the belief that national parks should emphasize 
welfare of wildlife was associated with a greater recognition of the negative impacts (risks) that 
visitors can pose to wildlife. Moreover, our results suggest that personal beliefs on the 
prioritization of wildlife welfare in protected areas are more strongly associated with one’s 
perceptions of one’s own impact on wildlife than are excitement for or knowledge about wildlife.  
Interestingly, Excitement Score and Knowledge Score both were both negatively 
associated with the other in their respective model. One possible explanation for why excitement 
and knowledge were negatively correlated is that, since viewing wildlife recreationally was 
associated with increased knowledge, and thus those with higher Knowledge Scores likely see 
wildlife more frequently than those with lower Knowledge Scores, it could be that seeing 
specific species or seeing fauna in general has lost some of its mystique. It is likely that, if one is 
seeing a species for the first time, there is a greater level of excitement for a novel sighting. 
Perhaps less seasoned wildlife viewers, with lower average levels of knowledge, attached higher 
levels of excitement to seeing species because they were perceived as novel. 
 Older participants were less likely than younger participants to believe that visitors were 
negatively affecting wildlife (or affecting wildlife at all). In fact, older participants were more 
likely to perceive positive effects of visitors on wildlife. One potential explanation for this 
pattern is that older people may be thinking at a longer time-scale than are younger people. They 
may recognize that national parks (largely supported by visitor revenue) contribute to species 
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management and conservation by preserving habitat and funding conservation projects (nps.gov). 
It is also possible that younger visitors are more attuned to negative environmental impacts due 
to the general rise in environmental education in American public schools. The way the Effect 
Valence item was asked did not allow us to differentiate between perceptions of immediate 
versus long-term effect or to explore the origins of this difference.  
 Hunting and/or fishing recreationally at least once a year was also associated with a 
greater belief that visitors were positively affecting wildlife. Previous evidence shows that 
hunters tend to have different views on the role of humans in wild spaces than do non-hunters 
(Zinn et al. 2002). Hunters could also have a framework of positive and negative effects 
divergent from non-hunters. Perhaps hunters are another demographic that sees all of the 
management and conservation work performed by humans and is likely to view this is net 
benefits conferred towards wildlife. Focusing on how older recreationists and recreational 
hunters may weigh net positive versus negatives effects are areas wherein future work is needed. 
 Social media was not associated with differences in Excitement Score, Knowledge Score, 
Effect Magnitude Score, nor Effect Valence Score. These results suggest that visitors taking 
photos of wildlife to upload to social media are not necessarily motivated by interest in or 
excitement for the wildlife. Often wildlife tourists participating in social media may be 
contributing to the commodification of wildlife (Lenzi et al. 2019). Uploading wildlife 
photography may confer increased social clout to the uploader (Evans 2018). Viral social media 
videos of wildlife have the potential to lead to, at best, legitimate fascination and, at worst, 
commodification of animals (Lenzi et al. 2019). This has likely contributed to a recreationist 
culture wherein approaching wildlife for photography is more accepted (Cherry et al. 2018, 
Lenzi et al. 2019). Certainly, it is possible that participants in our study were excited to see wild 
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animals, not out of an inherent fascination with them, but for the promise of shareable 
photographs.  
 Wildlife photography poses risks for wildlife and the photographer. Half of the bison-
related injuries in Yellowstone National Park between 2000 and 2015 were related to 
photography (Cherry et al. 2018). Dangerously close proximity has also been implicated in 
incidents between photographers and a variety of other species including bears, elk, and snakes 
(Cherry et al. 2018). As social media continues to proliferate, the motivations behind taking and 
sharing photos of wildlife will become areas of closer study. While our study offered key 
insights, it did not explicitly target heavy social media users. Future studies could explore 
differences among heavy social media users and non-users, controlling for demographic 
variables such as age, gender, and education.  We must note that participants who viewed 
wildlife recreationally had greater associations with higher levels of wildlife-related knowledge. 
Viewing species of wildlife and visiting national parks are prime ways to increase familiarity 
with their biology and ecology; however, for the sake of both wildlife and visitors, this viewing 
needs to be done in a safe and ethical manner. 
Conclusions 
 Ultimately, this work highlights the complex relationship between demography, 
excitement, knowledge, and welfare beliefs. There was a significant association between placing 
high priority on wildlife welfare and the belief that visitors do affect wildlife and that these 
effects are negative. Older visitors had higher average levels of wildlife-related knowledge and 
muted levels of concern regarding negative effects of park visitation on wildlife. Social media 
usage was not associated with observed differences in excitement, knowledge, or welfare beliefs. 
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The ecological risk associated with recreationists and wildlife differs from other 
ecological risks in several key ways. Firstly, risks such as pollution and climate change have 
become mainstream issues discussed broadly in the media, whereas the average American is less 
primed to consider their immediate effects on wildlife when they are recreating in the outdoors. 
There is likely a lack of awareness that these are issues worth considering at all. Secondly, 
recreationists may consider the direct and indirect benefits of recreation (time in nature, learning 
about wildlife, exercise, etc.) as outweighing the potential costs of their presence constituting an 
ecological risk to wildlife. Every individual will weigh these costs and benefits differently, and 
this would be a prime line of inquiry for future research. Lastly, the people who are perhaps most 
primed to care about ecological risks in general are most likely to propagate this specific risk. 
Outdoor recreationists are often those who place greater priority on conservation and 
environmentalism, as well as those who enjoy all manner of outdoor activities. Because there is a 
paradox wherein humans visiting “pristine” natural spaces inherently makes them less “pristine”, 
recreationists may be less inclined to admit the ecological risks that their presence may confer to 
wildlife. On a personal level, it may be hard for individuals to concede that their activities may 
be harming the very habitats they consider worthy of protection. This is certainly worthy of 
further study. 
 Protected areas have a high capacity for human-wildlife conflict as visitors are attracted 
by the promise of wildlife viewing. The great irony is that, in visiting natural spaces, the very 
presence of humans may be disrupting wildlife behavior. Understanding the drivers of public 
concerns about wildlife risk, including welfare-related beliefs, offers one potential pathway for 
increasing visitor education and outreach. The social sciences offer many potential solutions for 
mitigating this human-wildlife conflict. Specifically, a better understanding of the different 
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characteristics of park visitors and how these characteristics might be associated with animal 
welfare beliefs could shed light on ways to develop targeted messaging and outreach campaigns 
that reach the visitors who are most inclined to try to rectify these issues. 
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Tables and Figures  
Table 1. Descriptions of the 12 variables used in model selection, including the range and mean. Our models were 
designed to explore various characteristics of visitors’ perceptions of wildlife in Glacier National Park. 
Variable Description Range Mean 
Gender Self-identified gender Binary 
Male vs. female 
n/a 
Age Age 19-84 51 
Education Whether or not a participant has a 
Bachelor’s degree 
Binary 
Bachelor’s vs. none 
n/a 
Social Media 
Status 
Whether or not a participant will post trip 
photos on a social media account 
Binary n/a 
Park Visitor 
Status 
Whether or not a participant visits national 
parks at least once a year 
Binary n/a 
Wildlife 
Recreationist 
Status 
Whether or not a participant views wildlife 
recreationally at least once a year 
Binary n/a 
H-F Status Whether or not a participant recreationally 
hunts and/or fishes at least once a year 
Binary n/a 
Excitement 
Score 
Mean of importance scores assigned to 
seeing 12 different species in the park 
1.0 – 7.0 5.0 
Knowledge 
Score 
Number of true false questions on basic 
wildlife biology answered correctly 
2.0 – 8.0 5.9 
Welfare Score Mean of Likert responses for four statement 
regarding wildlife welfare in national parks 
2.2 – 5.0 4.2 
Effect 
Magnitude 
Score 
Level of agreement that visitors affect 
wildlife in the park 
1.0 – 5.0 3.8 
Effect 
Valence Score 
Whether or not visitors’ effects on wildlife 
are positive or negative 
1.0 – 4.0 2.3 
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Table 2. The survey items asking true false questions regarding the basics of bighorn sheep biology and ecology. 
The number of correct answers formed a Knowledge Score used to assess perceptions of wildlife in Glacier National 
Park. 
Statement Correct 
Answer 
Statement 1 Bighorn sheep are only native to the United State and no other 
countries 
False 
Statement 2 Newborn bighorn sheep are called ewes False 
Statement 3 Bighorn sheep in Montana are considered an endangered species False 
Statement 4 Adult male bighorn sheep are usually larger than adult females True 
Statement 5 Both male and female bighorn sheep grow horns True 
Statement 6 Female bighorn sheep give birth to young in the fall False 
Statement 7 Adult bighorn sheep are too big to be hunted by wolves False 
Statement 8 Bighorn sheep avoid feeding on mountain slopes False 
 
Table 3. Percentage of survey respondents selecting true versus false for survey items asking true false questions 
regarding the basics of bighorn sheep biology and ecology. 
Statement Percent response 
true 
Percent response 
false 
Correct 
answer 
Bighorn sheep are only native to the 
United State and no other countries 
19% 81% False 
Newborn bighorn sheep are called ewes 54% 46% False 
Bighorn sheep in Montana are 
considered an endangered species 
45% 55% False 
Adult male bighorn sheep are usually 
larger than adult females 
89% 11% True 
Both male and female bighorn sheep 
grown horns 
54% 46% True 
Female bighorn sheep give birth to 
young in the fall 
17% 83% False 
Adult bighorn sheep are too big to be 
hunted by wolves 
4% 96% False 
Bighorn sheep avoid feeding on 
mountain slopes 
7% 93% False 
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Table 4. A summary of the variables included in the models for Excitement Score, Knowledge Score, Effect 
Magnitude Score, and Effect Valence Score. 
Dependent Variables Independent Variables in Model 
Excitement Score Age, Gender, Education, Park Visitor Status, Wildlife 
Recreationist Status, Social Media Status, Knowledge Score, 
Welfare Score 
Knowledge Score Age, Gender, Education, Park Visitor Status, Wildlife 
Recreationist Status, Social Media Status, Excitement Score 
Welfare Score 
Effect Magnitude Score Age, Gender, Education, Park Visitor Status, Wildlife 
Recreationist Status, Social Media Status, H-F Status, Excitement 
Score, Knowledge Score, Welfare Score 
Effect Valence Score Age, Gender, Education, Park Visitor Status, Wildlife 
Recreationist Status, Social Media Status, H-F Status, Excitement 
Score, Knowledge Score, Welfare Score 
 
Table 5. Estimates, standard errors, t-values, and p-values for possible explanatory variables for a linear model of 
Excitement Score, which was a measure of a respondent’s excitement at seeing wildlife in Glacier National Park.  
Variable Estimate  Standard Error  t-value p-value 
Age 0.03 0.05 0.59 0.55 
Gender -0.16 0.16 -0.96 0.33 
Education -0.13 0.20 -0.67 0.50 
Park Visitor Status 0.05 0.24 0.24 0.80 
Wildlife Recreationist Status 0.37 0.41 0.89 0.37 
Social Media Status 0.16 0.16 0.98 0.32 
Knowledge Score -0.12 0.06 -2.01 0.04 
Welfare Score 0.09 0.14 0.70 0.48 
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Table 6. Estimates, standard errors, t-values, and p-values for possible explanatory variables for a linear model of 
Knowledge Score, which was a measure of a respondent’s knowledge of bighorn sheep ecology and biology. 
Variable Estimate  Standard Error  t-value p-value 
Age 0.14 0.06 2.34 0.02 
Gender -0.05 0.19 -0.28 0.77 
Education -0.003 0.23 -0.01 0.98 
Park Visitor Status 0.32 0.29 1.11 0.26 
Wildlife Recreationist Status 1.26 0.48 2.60 0.009 
Social Media Status -0.24 0.20 -1.23 0.21 
Excitement Score -0.17 0.08 -2.01 0.04 
Welfare Score 0.07 0.16 0.42 0.66 
 
Table 7. Estimates, standard errors, t-values, and p-values for possible explanatory variables for a linear model 
predicting Effect Magnitude Score, which was a measure of the degree to which a respondent believed that visitors 
have significant effects on wildlife in Glacier National Park. 
Variable Estimate  Standard Error  t-value p-value 
Age -0.08 0.03 -2.16 0.03 
Gender 0.18 0.12 1.48 0.13 
Education 0.01 0.14 0.11 0.90 
Park Visitor Status 0.16 0.17 0.90 0.36 
Wildlife Recreationist Status -0.0004 0.30 -0.001 0.99 
Social Media Status 0.12 0.12 1.02 0.30 
Hunting-Fishing Status -0.004 0.12 -0.03 0.97 
Excitement Score 0.007 0.05 0.14 0.88 
Knowledge Score 0.04 0.04 0.93 0.35 
Welfare Score 0.43 0.10 4.32 <0.0001 
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Table 8. Estimates, standard errors, t-values, and p-values for possible explanatory variables for a linear model 
predicting Effect Valence Score, which was a measure of whether a respondent believed that visitors’ effects on 
wildlife in Glacier National Park are negative or positive. 
Variable Estimate Standard Error  t-value p-value 
Age 0.07 0.03 2.14 0.03 
Gender -0.02 0.11 -0.25 0.79 
Education -0.12 0.14 -0.87 0.38 
Park Visitor Status 0.15 0.16 0.93 0.35 
Wildlife Recreationist Status -0.71 0.28 -2.45 0.01 
Social Media Status -0.10 0.11 -0.86 0.39 
Hunting-Fishing Status 0.30 0.11 2.62 0.009 
Excitement Score 0.02 0.05 -0.53 0.59 
Knowledge Score 0.01 0.04 -0.46 0.64 
Welfare Score -0.35 0.09 -3.74 0.0002 
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Supplementary Appendix 
Supplement 1. The survey instrument distributed to visitors at Glacier National Park to gauge their perceptions of 
their interactions with and effects on wildlife in the park. 
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Supplement 1 continued. 
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Supplement 1 continued. 
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Supplement 1 continued. 
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Supplement 1 continued. 
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Supplement 1 continued. 
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Supplement 1 continued. 
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Supplement 1 continued. 
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Supplement 1 continued. 
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Supplement 2. A copy of the Institutional Review Board permitting for this survey study in Glacier National Park. 
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Supplement 3. The correlations (from the ggpairs function) of all 12 variables included in our linear models. 
Abbreviations are as follows: Gender (GEN), Education (EDU), Park Visitor Status (PVS), Wildlife Recreationist 
Status (WRS), Hunting-Fishing Status (HFS), Excitement Score (EXC), Knowledge Score (KNW), Welfare Score 
(WLF), Social Media Status (SMS), Effect Magnitude Score (EMS), and Effect Valence Score (EVS). 
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CHAPTER 4.    GENERAL CONCLUSIONS 
My systematic review of vigilance in an ungulate model system showed that, regardless 
of how researchers defined vigilance, methodically sampled behavior, and considered the effects 
of sex or age, anthropogenic activity largely led to increased vigilance behavior. Therefore, I 
suggest that wildlife species associate humans with high risk and that this effect is strong enough 
that it can be measured across a great variety of contexts.  
My survey study highlighted how the average visitor to Glacier National Park did 
recognize that their activities can significantly affect wildlife but that individual characteristics 
affected this belief. For example, even if respondents agreed that humans do affect wildlife, 
some visitors differed in whether or not those effects were perceived as positive or negative. 
There is a complicated relationship between knowledge of wildlife, excitement for seeing 
wildlife, and views on wildlife welfare, and these associations certainly warrant further study. It 
is interesting to note that social media (a topic of increasing interest to social scientists) seems 
not to be associated with greater interest in wildlife nor a higher prioritization of wildlife welfare. 
Considering human-wildlife conflict through the lens of risk perception allows one to 
recognize the complexity of the relationship between dynamic wildlife behavior and rapid 
anthropogenic development. Animals assign risk heterogeneously across the landscape in a 
manner dependent upon both intrinsic characteristics, such as sex or age, and extrinsic 
characteristics, such as the type of disturbance. Similarly, human perception of the risks they 
confer to wildlife is affected by a myriad of factors, which leads to differential assignments of 
ecological risk to their own activities around wildlife. Researching both wildlife and human 
behavior is thus vitally important to our understanding of human-wildlife conflict in the 
Anthropocene. 
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